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冬）和 XP 组（福建省度夏、越冬）。每组设置对照组 C 和热激组 H，热激组在
囊胚期对幼体进行 45min 26℃的高温应激，然后分别在 18℃和 23℃温度下培育
至变态。结果表明，培育温度对热激组和对照组幼体的生长有不同的影响，对
照组幼体在 23℃下的特定生长率高于 18℃，而热激组正好相反。这可能是囊胚

























































Effects of parent acclimatization in the south of China on 
growth, development and thermotolerance of juvenile sea 




1. Study on the artificial breeding technology of sea cucumber in the south of 
China 
In order to solve the key problem restricting the development of sea cucumber 
culture in the south of China, a combination method of parent thermal acclimation 
with heat-shock at gastrula larvae was applied to explore artificial breeding 
technology of this species. Adults with high thermotolerance were essential in this 
study. We got a patch of broodstock through long-time acclimatization in the south of 
China. During the acclimatization, a mixture of vatimins was synthesized to alleviate 
the adverse effects of high temperature. After continuous attempt, we explored a set 
of mature artificial breeding technology, and acquired a large number of sea 
cucumber juveniles. 
 
2. Effects of parent acclimatization in the south of China on growth, 
development and setting rate of sea cucumber larvae 
This study investigated the effects of parent thermal acclimation and heat-shock 
at the stage of gastrula on growth, development and setting rate of the larvae. There 
were two groups of adult sea cucumbers: DA group and XP groups according to the 
differences of thermal history. In each groups, there were two treatments: control （C） 
and heat-shock （H）. Then, all the larvae reared at 18°C and 23°C separately until 
metamorphosis. Results showed that the specific growth rate at 23°C was higher than 















attributed to the heat-shock treatment at the stage of gastrula. Moreover, from 2nd 
auricularia, the maximum body length occurred in the treatment of H for both DA 
grouop and XP group. This transition was related to the ingestion of food. The 
velocity of the embryonic development was accelerated when the temperature 
increased among the suitable temperature range. Take account of improvement of 
thermotolerance acquired through parent acclimation and heat-shock at the stage of 
gastrula, we could get a certain number of high temperature resistant juveniles by 
means of heat-shock at gastrula, and then use these sea cucumbers as parents for 
artificial breeding. The culture of larvae and juvenile sea cucumbers was performed 
in the south of China. After several generations of breeding, we could finally acquire 
high temperature resistant sea cucumbers. 
 
3. Effects of parent acclimatization in the south of China on metabolism and 
thermotolerance of juvenile sea cucumbers 
Acclimation response of individuals can provide fitness advantages that result in 
evolutionary change in a population over generations. In the current study, we aim to 
test the hypothesis that offspring of the sea cucumber, Apostichopus japonicus with 
long-time acclimatization history in the south of China can acquire higher thermal 
resistance than the ones in its natural range. Four groups with different 
acclimatization histories were constructed. Upper lethal thermal （LT） limits, 
oxygen consumption rate and hsps gene expression were compared among them. Our 
results showed that LT50 values of the four groups were 30.66°C, 30.67°C, 31.14°C 
and 31.88°C, respectively. At temperatures in and nearby the thermal envelope （23 
and 26˚C）, individuals of group 4 had lower OCR than the other groups, but at 
critical temperature （29˚C）, the trend was reversed. Juveniles of group 4 expressed 
higher hsps gene levels compared with the other groups at constant temperatures （23, 
26 and 29˚C）. When suffered acute thermal stress, all juveniles showed dramatic 
increase in both OCR and hsps gene expression, but the magnitude in group 4 was 















elongation of parent acclimatizationin southern China, which provided evidence for 
the intergenerational response of developmental acclimation. 
  
4. Application of DEB model in the research of sea cucumber 
Dynamic energy budget （DEB） model is a reliable tool to investigate the 
extent of fitness in organisms through changes in life history traits. It contains all the 
energy circulation in vivo. Temperature acclimation can influence the capability of 
adaptation, and then change the ways of energy utilization. In the context of 
north-to-south sea cucumber culture, the capability of adaptation and the ways of 
energy utilization will be changed for the south transferred sea cucumbers. The 
comparison of energy utilization and fitness among individuals with different thermal 
histories by DEB mdel will enrich the physiological ecology theory, and is conducive 
to artificial breeding technology in the south of China. 
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来，北参南养的大规模开展使福建省的刺参产量由 2007 年的 651 吨增加到 2012


































1  文献综述 
















2002 至 2006 年，刺参在温州苍南、福建霞浦等地大规模试养成功，标志着
刺参南移技术开始成熟。随后北参南养模式在浙南、闽北以及两广海域迅速推广。
南方养殖刺参的产量从 2007 年的 1272 吨增加到 2012 年的 16764 吨，其中福建




















图 1-1 2007-2012 年南方主要养殖海域刺参产量 










10 月下旬到次年 3 月中上旬。放苗前需要进行消毒、肥塘、投放人工参礁等操
作。根据越冬养殖后苗种的去向，合理选择放苗规格。若是越冬后再运回北方养
殖，投放 600 头/公斤到 800 头/公斤的小苗；若是越冬后直接销售，则投放 40
头/公斤到 44 头/公斤的大规格苗种。日常操作包括换水、投喂饵料等，每周换水





















料制成的刺参吊笼，吊笼为圆柱形，高 1 米，每个直径 0.35 米，笼框均匀布满
小孔，每笼平均分成 5-6 个小养殖室，每个室有可独立启闭的笼门。悬挂在渔排
上，水深 1 米左右。放养 20 头/公斤到 40 头/公斤的大规格苗种，每周投喂饵料
2-3 次，投喂量为体重的 5%左右，饵料为海带和杂鱼的混合物。每次投饵时清
理吊笼，保证笼内水体交换通畅。隔 2 个月更换吊笼一次。养殖周期 4-5 个月，




海上筏式网箱养殖针对 500 头/公斤到 1000 头/公斤的小规格刺参苗种，养殖









2007 年至 2013 年，短短 7 年时间内，南方的刺参养殖产业经历了探索期、
急速扩张期、挫折期、调整发展期 4 个阶段（苏来金等，2014）。北参南养需要
大量优质刺参苗种，目前这些苗种几乎全部来自北方，苗种的价格直接影响到南

































































等，2006；Dong 和 Dong，2006）。有研究表明，刺参可以在 5~30℃水温下存活， 
10-20℃为适宜生长温度（王兴章和邢信泽，2000；Chen，2004）。且不同规格的
个体有所差异：体长 2cm 的幼参最适生长温度为 18℃，而体长 5~15cm 的幼参
最适生长温度则为 10~15℃（安振华，2008）。刺参对低温的耐受性要高于对高
温的耐受性，幼体适宜在较高温度下生长，而成体的适温则大大降低。当水温超











2002）。在 10~30℃范围内，体重小于 50g 的刺参随着温度的升高耗氧率一直缓
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